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 ZE: BE ETFEM-EA-BVEA (hypothalamus-pituitary-ovary axis, HPOA) R} — - FLWR T Fxd R IR SR
BUEUBRIAEW . 757 45 40 R SD MEMARZE KRN B FARL .. BARA. tEREH . —HRkRARA, T4 10
Ro BT AREAR BN 55 RN RN, g 3 2K RIS BR U 5P 55 58 37 46 22 )5 & JFUBRAAYE  (postmenopausal
osteoporosis, PMOP) KEMRA ., FAR 1 GRS 40, M A ig 0.1 mg/kg MM R, —+FkEH A ig 441
mg/kg AR A, BRFERARNBIA ig SEAFZEMK, 1 Xk/d, &S 12 FJ5, ELISA Al fis M —mE . A4 mk
# (luteinizing hormone, LH). Uil (follicle stimulating hormone, FSH). {RVEAREL B0 ZE (gonadotropin releasing
hormone, GnRH) 7K*F; RT-PCR Al ™ Fefii. TR, Z2MUA% B im M 2 24K o (estrogen receptor o, ERo)~ MEEER 21k
B Cestrogenreceptor B; ERB) mRNA FKik; G s Ye Al T ik, MARIA & s ERa. ERB 2 FH3RiL; HE 4
IS K BRI B B a2 o L T A5 A8 Miero-CT Al U B s 45 I I e . S8R 9% —+ R LRE B
BEACR B N I LH. FSH. GnRH 7K°F (P<<0.05. 0.01), Jf-7£ HPOA %l & 2 ¥ il N [ J2 FE /& ERa mRNA J¢ 2
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Abstract: Objective Based on the hypothalamus-pituitary-ovary axis (HPOA) to explore the effect of Tibetan medicine Ershiwuwei
Guijiu Pill (= Bk Y F1 L) on osteoporosis in ovariectomized rats. Methods Forty non-pregnant SD female rats were randomly
divided into sham operation group, model group, estradiol group, and Ershiwuwei Guijiu Pill group, with 10 rats in each group. Except
for the sham operation group, only the fat masses of the same size beside the ovaries were removed, and the rats in the other three
groups were removed bilateral ovaries to establish a rat model of postmenopausal osteoporosis (PMOP). One week after the operation,
the administration was started. The estradiol group was given 0.1 mg/kg estradiol valerate, the Ershiwuwei Guijiu Pill group was given
441 mg/kg Ershiwuwei Guijiu Pill. The same volume of distilled water were given to the sham operation group and the model group
and gavage daily for 12 consecutive weeks. The levels of serum estradiol, luteinizing hormone (LH), follicle stimulating hormone

(FSH), and gonadotropin releasing hormone (GnRH) were detected by ELISA; RT-PCR was used to detect estrogen receptor alpha
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(ERa) and estrogen receptor beta (ERS) mRNA expression in the hypothalamus, pituitary, and the distal femur of the left side;
Immunofluorescence staining method was used to detect the expression of ERa and ERp protein in the hypothalamus, pituitary and
distal right femur; HE staining method was used to observe the morphological changes of the distal femur of rats; Micro-CT was used
to detect the microstructure changes of the distal femur of the right. Results The Tibetan medicine Ershiwuwei Guijiu Pill can
significantly decrease serum LH, FSH, GnRH levels in rats (P < 0.05, 0.01), and significantly up-regulate ERa mRNA and protein
expression of hypothalamus and pituitary in the HPOA axis (P < 0.01), and significantly up-regulate femoral ERS mRNA and
protein expression (P < 0.01). And it can significantly recall the femur bone density and bone microstructure parameters of rats (P <
0.01). Conclusion The Tibetan medicine Ershiwuwei Guijiu Pill can effectively prevent and treat PMOP, and its mechanism may be
related to the direct action of the drug on the estrogen receptor in bone or the indirect regulation of bone by changing the level of sex
hormones in the body after acting on the estrogen receptor subtypes on the target organs of the HPOA.

Key words: Tibetan medicine; Ershiwuwei Guijiu Pill; phytoestrogens; osteoporosis; estrogen receptor; hypothalamus-pituitary-ovary axis
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120171038, #t5 547A); g — 1+ HR R A
HARRER, EZ2G1ET 720140539, KUk 0.35 gX49
FUNE, 5 626189); TRIzol Reagent (32[E Ambion
], {5 229001); PCR 514H HZ TaKaRa /A
Al RNA $REGRFIE bt e e R G R A
Al, iS5 AT31D); wotER PCR A& (et
SHEVEARERAF, #it5 AQ141); EDTA 5K
A ZEERHA R AR, #it5 E1171); HE J+fik
Al AL ZSEEREARAT, f#it'5 G1120); K
MyEME R #R4E K Z (luteinizing hormone, LH)+
YRR Z (follicle stimulating hormone, FSH). {14
NRBE R B & (gonadotropin releasing hormone,
GnRH) ELISA X7 (TR EYRH A IR A A,
#5535 MB-2116A . MB-6623A . MB-2107A . MB-
2062A). KF ERa A1 ERP Z3gf%HifA. B-actin (I
Abcam A ], #t'5 ab3575. ab3576. ab8227); DAPI
el EIEE R RAEDHEARG R AF, A5 C1006);
Cy3 tric PR 1gG It AR AEY TREG IR A A,
fL5 A0516).
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Eppendorf 24 7] ); Nanodrop 2000 (3£[E Thermo 2
F]); Light Cycler96 SZi 2w & PCR A (Bt
Roche 23] ); HistoCore Pearl 43 P11 2H ZR it /K ML ({2
Leica A7) ); HistoCoreArcdia A4 AL HIAL ({2
Leica A7) ); SkyScan 1176 /NI Micro-CT 14
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JEWTZHZY, Hsx 3 g PMOP SRl Rk
£ 12h AEK, BRREEEFAEGE, SRR
ip 10%/KA A (3 mL/kg), RSG5,
R, WEENTHEMEEFRTIR 2~3 cm, 2
NG E B E AN AR — T LRV FRET
B OB EME B R SEEROE . BT ARSI,
LAt % 2H K R IR B BN 2, 257, PMOP 3445
B, R im HER (20 /5 U/H) &S 3 d Filpi
Yoo RJF 3d XSEHRBRE R EATHERA, 100,
HESE 5 d, B AR SR U R AR R
e FAR1FEIFUG ig 2R, 4 8RIIG R 3G
HIME, MM RRAZAREN 0.1 mgke, =+
HRRFARAKRRHAERN 441 mgkg, HRp 24
ig SEARRZEK, RHSEY), ek 12 .

2.2 FRAHIE

a1 IRGZi)E, 258 12h, KRR R,

JEESKEML, 2 B XU s, UK AR, BB

JE LB A LA R0 SRR 2H 2 s, AR B R K
ik, WAEMBEE T HRAE 80 CHRT7%
., AR EET 4%2% T PR e & KRBk
WIS, UK RS R AR, A3 AR K S R
Wi, B THRAAE, -80 CIRAFRH.
2.3 ELISA #MEAXRMAEMBRKFEETK
EDTA HitE I E s ikEU S5, B AR,
#HE 20 min 24, 4 'C, 3000 r/min, & 20 min
JE AR BIER, R R I ME . LH.
FSH. GnRH /K.
2.4 RT-PCR #NTEMK. EAMEBENEERT
& a Cestrogen receptor a, ERa)~ ERSmRNA FTiX
A HIE 100 mg e AR FIAC
LU, NN Trizol $2EXHZUE RNA, A7 & kAT
SR e B AR 3 AN TATE AL, LA B-actin
NHWSERA, RS H CHE. B 2722 M5 e &
DAt H S EH RN R EE. 515 1.

®1 SIFFIRAERKE

Table 1 Primer sequences and amplification products length

HEN AR L5149 (5°-3) S5 (5°-3°) K /bp
ERo CACTCGATCATTCGAGCACATTC AAGGGTCATGGTCATGGTCAG 191
ERB GCTGCTGGATGGAGGTGCTAA TCGCCAGGAGCATGTCAAAG 150
B-actin CCTAAGGCCAACCGTGAAAA-3 CAGAGGCATACAGGGACAACAC 103

2.5 HERFEIFREN T LK. EAHFMRE ERa X
ERp EARIE

FERBUT e, AR, A Bk )E,
VIR S pm JEFERITI R G, MRUGEET % o I 7K
e FURBE. HF. —HiEE (12000, rid.
gett, K. EHEDER, BHRAEEROLEMET
e, EGH Image ] 6.0 A4, W21
BRI .
2.6 HE ZEBNZREFESETL

R iz BT 4% R EELE E 48 h A,
PBS ZR e 3 4K, 20 min/¥k, BN EDTA B4
W, BT 37 CCHEBATES 4 A, Bk
Re 2 B e 5 S o Bl R REAT K &R A
M, VISP, % HE JODREM)E, B
TUEEE A .
2.7 Micro-CT Mg H LS

M. Micro-CT CT50 % R4 (Micro-CT
CT50, Sanco Medical) P4 K B A7 15 326 B PRk
MEER, D HERE R 18 um, HRH RE 5 Wi fFik
€ B I X 3805 H 23 3 B 7631 (bone volume, BV).

AERTE AR [BV/AHLZUAR (tissue volume, TV) ],
H/NREEE (trabecular number, Tb.N). ‘& /NG5y
¥ (trabecular separation/spacing, Tb.Sp), Fif
B AS I 73 B 98 B OR FF — 3
2.8 GLitFESH

W R x5 F&on, K] SPSS 19.0 #ff
AT AT, AHIA LC B AT B R R 7 2 o i, &
255, HRIECRH LSD kel #5772 A%,
2H (8] L3 K F Dunnett’s ¢ #6556, P<<0.05 F#~E 5
HEI-3'8
3 gR
3.1 RERRMBEHEKRFNEN

il FARA be A, AR ZH K BRI M — K~
2% FF# (P<0.01), LH. FSH. GnRH /K°F- &3
FE (P<0.01); SHEAA R, M B4 KR I
THME K B T E (P<<0.01), LH. FSH.
GnRH /KF R T (P<0.01); SR HE,
T TR R AL ZEL K BRI M K AR TR
2% 3, {H LH. FSH. GnRH /K V23 R (P<
0.05. 0.01). Z5HEME 2.
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*2 BERRMBEEHFKIHENL (x+5,n=9)

Table 2 Changes of serum sex hormone levels in rats of each group (x+s,n=9)

2H 5 ME — % /(pmol- L") LH/(mIU-mL™") FSH/(IU-L™) GnRH/(mIU-mL™)
BFEA 71.59+1.66 10.7240.36 10.79+0.40 75.60+4.15
it 59.314+0.68™ 13.4240.44™ 14.10+0.17" 90.05+1.55™
W — 67.73+0.62% 11.324+0.22# 11.86+0.15% 81.85+1.08"
Z R E A 60.671+0.48 11.78+0.26* 12.5240.24% 85.05+1.78"
HEFRALE: “P<0.01; SHEAALK: P<0.05 #P<0.01, FH
**P<0.01 vs Sham group; P <0.05 *P <0.01 vs model group, same as below
32 ZFEHARTER. EAMBEE ERa. ERB o o EFEARA
mRNA 7KL, ' ==Ll
SF AR, BRI KRR [N ERa. ERB R » -ﬂﬁfif;%%wﬂ
N N i U | K P2, 2
mRNA 8% T (P<0.0D); SHUMALE, HE— 5 » o
BELAFLAN — + Tivk I AU T il ERoc mRNA ik £
2 N 0.54 sk
KPIIETHE (P<0.01), {H ERSmRNA £ik/KT e
ZErkgiitrE L. W 1. o
1.5 CORFARA 0
e AL ERa ERp
e A
a 109 e - R AL 2 &MARE ERe. ERF mRNA 7K Ff 51k
"1‘7‘ —
= (xts,n=9)
<
< 0.5+ " Fig. 2 Changes of ERa and ERS mRNA levels in pituitary
% ok of rats in each group (x+s,n=9)
‘ AR
ERa ERB X AL
o =il
1 BHEKRKBTEM ERa+ ERp mRNA 7K FEHITE (L » -
(x+s,n=9) 3@) ™ - R AL
Fig. 1 Changes of ERa and ERS mRNA levels in & isid "
hypothalamus of rats in each group (x+s,n=9) % 0s
S5EFARALR, HMUHAKREAR ERa. ERB g
mRNA Rk T8 FHF (P<0.01). SHRIALL
0

B, ME RN A FR R LA R ERa mRNA
FkAKTFHETHE (P<0.01); M —FEHEAL ERP
mRNA REKFEEFAE (P<0.01), —+HIKHE
FIH A ERf mRNA RiX/KVFERLERI#R
X R 2,

H5HEFRALE, BMAKRKYE ERaw ERB
mRNA FIAKFEE T (P<0.01). 5L
5, ME ARG E ERa. ERSmRNA FKIA/KT-HH
F i (P<0.01), Tk R H RANKH ERB mRNA
FikK P ETHE (P<0.01), {H ERamRNA Fik
KPERTG IR ERIE 3,

33 FBEARTEM. EAFARE ERa. ERp ER
KFELTL
TR et Bor (B 4), ERa EBHAR

ERB

3 ZBHEKXREE ERa. ERp mRNA KFEHI T
(xts ,n=9)
Fig. 3 Changes of ERa and ERf mRNA levels in femur of

rats in each group (x+s,n=9)
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T RRE B E R (P<<0.01), 1fj ERB KT
BN 2 e LG L
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A-#R%  B-ERa EEARIFTERIE C-ERB EAMBIMRIE D-ERa I ERB LKA, K 6. 8 H

A-cell nucleus  B-positive expression of ERa protein  C-positive expression of ERp protein  D-co-expressed of ERa and ERP protein, same as below fig. 6 and 8

4 TEM ERe. ERBRAFEE (X100)
Fig. 4 Fluorescence staining of ERa and ERp inpituitary in hypothalamus (x 100)
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i
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5 TEMXERe. ERp ERFEESNER (x+5,n=9)
Fig.5 Results of semi-quantitative analysis of ERa and ERf

proteins in hypothalamus (x + ¢ ,n=9)

iR (B R, SEFERANLE, A4 ERa.
ERB & (V5 o B F B (P<0.01), A
BRI LbAE, M —W¥4 ERa. ERP & P9 G iR
BEMGE (P<0.01); —+HKRRFAAL ERo K H

SPGB (P<0.01), ERP &P
WG ZE R TG T .

JBH Ot QiR (K 8), ERa HHFRIA
PRI ML, ERB B A RIAFHIE AL A . Sk
ZiR (B9 BoR, SERFPARALE, B4 ERa.
ERP & [P 58 e i B B (P<<0.01). 5%
BRI ELEE, M BE41 ERa. ERP 2 A TFH9¢ 6 m g
RERE (P<0.01); T FKEH A4 ERB T3
PG HR I E G (P<<0.01), ERo &A%
WRIE 2R TG
3.4 BREESTK

TR T NREAIEF, SSHBUE TR, B
R KRR A /DRMG, fARPIEEL 2 W, R
K, PPREMIR, SHEBA R, MEZREHE /D
REIEZ, N, MRESWINEEE; —
R NS BARAR= QAN L RS A S Ee D7 FIE Sl T
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6 FE{f ERa. ERPHFEE (X100)
Fig. 6 Fluorescence staining of ERa and ERp in pituitary (x 100)
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Fig.7 Results of semi-quantitative analysis of ERo and ER

proteins in pituitary (x+s,n=9)

AL R AT A /D SRR it e . WL 10,

3.5 BUEAXBEEE Micro-CT 8 & MLEHS B

T
HRFARE, BA4 KR BV, BV/TV, Tb.N

BE TR (P<0.01), Tb.Sp B&ETHE (P<0.01).

ERR A LR, M AR A TR R AL BV,

BV/TV. Tb.N & TH5 (P<0.01), Tb.Sp & F
B (P<<0.01). WK 11 F15% 3.
4 g

HPOA 1E N2 R T4, 2T Lok PR
KT ARE I PP N 7 bl o TE oM N Bl 44
ZHAZHT, HPOA fife AR E /KT RE, &
PRI J5, BTN TR IR, APk
MR E2 N, HPOA MiCASRERIEHLIEH Th
fe, FECF M. FEARBCKE GnRH. LH. FSH.
P PRI R KPR L 5 B I — R A R E
MRy dngEak, RHR. TE%WE). B EEE. B4
SR EE RS . RO, i
6], ARPIESER AR IE Yo R, et R
TP B Bl E I, MERESL = AR
HFEERANFERFECL, Kk, TERERKEVTT
WER, (ERAZ IR RS ER S B B2 AP E—E
FHSCPENO-, Liu Z50207E 01 5% FSH 22 sa ikt 2
GRS/ RE DT LR s ma iy A B, FSH Pifk 5 =244
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Fig. 8 Fluorescence staining of ERa and ERp in femur (x 50)
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Fig.9 Results of semi-quantitative analysis of ERo and ER

proteins in femur (x+s,n=9)
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9% FSH 5 R0 20 M i A 750 1 2R e Jir JDRFR 25 i

TR (C-terminal cross-linked telopetides of type I
collagen, CTXD 2K FIN R I, Fil 26 22 3 [A] 21 FSH
5 CTX #EETHE, #/nm/K-Fi FSH Refe ki
BYIME T, SECE R E K LH R MEREKF FREIC
JE R HPOA il 73 WA 53— MR, Blair
SEUSISEERIER, PR(RIIE LH K5 25l EE 200 5
KERCE B BN K& SR FA AR IE HPOA Hl
R R BRI N A BRI RE
X e R P D FE MERCR S BUA AR VERRIEER K
SEREAS, R A R eSS, AT Bl vE B B
GAAHIBLE 2 —o ABFFEY, R ALE
% BRI LH. FSH. GnRH 7K°F, 38 st it s i
W, RS Zhou FFEUHT Wong ST 45 R —
3, o HPOA HimT e 55 [N =+ Tk
TR AIEFEME BV R . R ERa 1A, HEN =
T AR AL AT REE T 5 ERa 45& FEIKIMLIE LH.
FSH. GnRH 7K, A (]33 2 5 2

B FFE e KL BER, MEWE T ELBAE A
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10 BEAXRREMSEWN (HE, X400)
Fig. 10 Morphological changes of femur in each group (HE, x 400)

BFEAR it M iy o A E AN
11 ZEARBEITIH Micro-CT LR
Fig. 11 Micro-CT scan results of rat distal femurs in each group
R3 BHEHRBRBREBTEFER (x+s5,n=9)
Table 3 Femur histometric results in rats of each group (x+s,n=9)
2H BV/mm? BV/TV)/% Tb.N/(um™) Tb.Sp/um

(ESE¥S 3.52+0.23 63.56+3.02 0.004 5+0.000 2 107.15+14.54
it 0.60+0.26" 11.3443.03" 0.001 1£0.000 5** 412.20%+72.08™
e 2.73+0.29% 50.41+7.18% 0.004 240.000 17 135.19423.56%
R R AR 1.584+0.26" 31.44+5.18% 0.003 240.000 47 214.97+23.02%

TH AL ER A E N (B 4R AT R 4 i)

Wk, BEMAE e AR, BERNX AL,
R A T BN IR PRI Fe A, 2 IR
BRAGMRERZ —, DA RELE KT i 24
VERA RN, SERIEN] 2 5 il 45 A e R 2
REEA RGNS, FEREITRAER, JREb A
RSB AR DS200, R B T S A 3
[l B A 254, IRIBERERS 55 ER 45 &5 A A R R0
FREAERETEN, $OANEAEFE ER HT1Y
TER e JEAER T PR W R ST 2 3 1 0 ARE
Bz, MYMERMER K TIN5, HIRST PMOP ()
A REAE % S0 h L O 53] T IRUER!2, ERB FEH
ARG 2, AHIFUR Y] ERB 2 A1k S i &
FEMIRIB), Lee SN TTH 23 10 2 HESEHUN &%
GBI B SE PR IS I A, T A TR R
)@ MY ERB AN ERa A G B 1

B (protein kinase, Akt) {55 il 4% PMOP. AT
RERER, GHRAE, Rk RHAHE
# FIHK RIS ERB MRIL, 45 R5m =+ TR A
FIAL AT REIET ERP HE A H %

Zx FRA, 582 s R E AU BT iR PMOP
H—E1EH, BABSCELR G LT E M
SZERIZEEL, HAHLHIT R S AMER 44 ER 5 E
BREEEE, SUEH HPOA HifE4s B AHOC ER J5
TR T R A A R B R ) KT ) R i AR K

Fl B R P ARA LA BT R

SE R
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